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Abstract: Salmonellosis caused by nontyphoidal Salmonella is the second most common zoonotic infection worldwide. The major
foodborne route of this infection is the consumption of contaminated poultry meat and egg. Therefore, monitoring and control of
Salmonella agents in poultry populations is critical to reduce the risks for public health. In the poultry industry, the most common
serotypes in Salmonella infections are Salmonella enterica subsp. enterica serotype Enteritidis and Typhimurium. In recent years, other
frequently isolated Salmonella serotypes have also increased in Turkey because of the Salmonella control programs regulated by many
countries. Hence, other Salmonella serotypes (except for the most frequently isolated serotypes, S. Enteritidis, S. Typhimurium) may
become dominant in the future, so their epidemiology needs to be investigated. In this study, Multilocus Sequence Typing (MLST) was
used to type rarely found Salmonella serotypes by sequencing seven housekeeping genes for each strain. The broiler chicken originated
54 Salmonella strains were used as Salmonella Bazenheid (n = 4), Salmonella Burgas (n = 5), Salmonella Gombe (n = 8), Salmonella
Hayindogo (n = 9), Salmonella Jamaica (n = 4), Salmonella Kamoru (n = 10), Salmonella Paris (n = 2), and Salmonella Stuttgart (n =
12). This study is the first study to use MLST to serotype S. Bazenheid (sequence type, ST544), S. Burgas (ST1814), S. Gombe (ST413),
S. Hayindogo (ST1959), S. Jamaica (ST32), S. Kamoru (ST1995), S. Paris (ST82), and S. Stuttgart (ST19) in our country. The presence
of a single sequence type for each serotype suggests that these serotypes may be the dominant sequence types in broiler chicken flocks
in Turkey.
Key words: Broiler chicken, poultry, Salmonella, Multilocus sequence typing

1. Introduction
Salmonella genus belongs to Enterobacteriaceae family,
which consists of two species: Salmonella enterica (S.
enterica) and Salmonella bongori. Of the six subspecies of S.
enterica, most of the zoonotic Salmonella agents are found
in S. enterica subsp. enterica. There are approximately 2700
different serotypes within the Salmonella genus [1].
Salmonellosis infection caused by nontyphoidal
Salmonella members is the second most common
zoonotic infection worldwide with 94 million cases and
approximately 155,000 human deaths annually [2,3].
Salmonellosis due to foodborne outbreaks most commonly
causes complications such as enteric fever, stomach cramps,
diarrhea, sickness, and vomiting. Mortality is less than
1%. In poultry, there are different clinical manifestations,
including weakness, loss of appetite, arthritis, lameness,
septicemic diarrhea and death [4].
Contact with infected animals and humans directly
spreads the agent while contact with carrier parameters,
such as animal products and environmental factors
indirectly spread the agent. The intestines are the reservoir
in both domestic and wild animals, with nontyphoidal

Salmonella serotypes being colonized in the intestine
and being scattered through feces. The bacteria are
transmitted to the food chain by food (eat, milk, eggs,
vegetables, fruits, etc.) and drinking water contamination
[4]. The major foodborne route of salmonellosis infection
is contaminated poultry meat and egg consumption.
Therefore, monitoring and control of Salmonella agents
in poultry populations is very important to reduce the
risks for public health [5]. Salmonella control programs
in poultry populations aim to reduce the rate of
salmonellosis cases. According to the EFSA 2011 zoonotic
agents report, Salmonella control programs in European
countries reduced the incidence of salmonellosis in
humans from 37.9% (2007) to 5.4% (2010). This shows
the success of Salmonella control programs implemented
in poultry populations between 2008–2011 [1]. According
to the EFSA 2017 zoonotic agents report, the two most
commonly reported Salmonella serovars in human cases
were S. Enteritidis (48.5%) and S. Typhimurium (21.8%),
followed by S. Infantis, S. Newport, and S. Kentucky [6].
Between 2011 and 2016, the proportion of salmonellosis
cases caused by S. Infantis increased from 2.2% to 2.4%,
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S. Newport increased from 1.0% to 1.1%, and S. Kentucky
from 0.7% to 0.8%. According to the EFSA 2017 report,
the most common serotypes in broiler chicken flocks were
S. Enteritidis and S. Typhimurium while the proportion of
salmonellosis cases caused by S. Infantis increased from
2.17% (2011) to 2.4% (2016) in poultry. The proportion of
Salmonella serotypes other than these three serotypes was
23.7% in 2011 and 27.3% in 2016. The 15.2% increase in
the prevalence of other rare Salmonella serotypes between
2011 and 2016 suggests that serotypes with low isolation
rates may become dominant in the future. However,
almost no genotypic typing studies have examined rarely
observed Salmonella serotypes [1,6].
Salmonella agents have been serotyped using
conventional serotyping analysis based on agglutination of
surface (Vi), somatic (O) and flagellin (H) antigens with
specific antisera according to the Kauffmann-White-Le
Minor scheme. However, this method is time-consuming,
costly and labor-intensive. Therefore, molecular methods
are frequently used for typing Salmonella agents [7].
Genotypic analysis methods such as Ribotyping, RFLP
(Restriction Fragment Length Polymorphism), AFLP
(Amplified Fragment Length Polymorphism), PFGE
(Pulsed-Field Gel Electrophoresis) and MLST (Multilocus
Sequence Typing) can identify, correlate and evaluate
Salmonella isolates based on their origin. MLST is the most
commonly used genotyping method in epidemiological
and phylogenetic association studies of Salmonella species.
The seven housekeeping gene fragments (aroC, dnaN,
hemD, hisD, purE, sucA and thrA) have been characterized
in Salmonella enterica subsp. enterica by MLST analysis.
The nucleotide sequences of these genes can then be
compared to show the diversity of serotypes or strains in
genetic clusters and to determine the transmission routes
of each strain [8]. A major advantage of MLST analysis
is that the results can be easily stored in an electronic
database so that the results of any typed strain can be
compared with existing types to indicate phylographic and
host specificity. These databases also allow new sequence
types to be recorded and record of the current situations
according to global information changes [9,10].
This study characterized S. Bazenheid, S. Burgas, S.
Gombe, S. Hayindogo, S. Jamaica, S. Kamoru, S. Paris and
S. Stuttgart serotypes isolated from broiler chicken. These
have rarely been identified by MLST analysis.
2. Materials and methods
2.1. Salmonella strains and conventional serotyping
Salmonella strains were derived from Ankara University,
Faculty of Veterinary Medicine, Microbiology Department
culture collection, between 2017–2018. Totally, the broiler
chicken originated 54 Salmonella strains were used as
follows: S. Bazenheid (n = 4), S. Burgas (n = 5), S. Gombe

(n = 8), S. Hayindogo (n = 9), S. Jamaica (n = 4), S.
Kamoru (n = 10), S. Paris (n = 2), and S. Stuttgart (n = 12).
The strains were revived overnight at 37 °C on Nutrient
agar plates. All isolates were confirmed by conventional
serotyping with commercial Salmonella polyvalent and
monovalent O and H antisera (SSI, Denmark) according
to the Kauffmann White Le Minor Scheme [11].
2.2. DNA extraction
DNA extraction was performed with GeneJET Genomic
DNA Purification kit (Thermo Fisher Scientific, USA)
according to the manufacturer’s recommendations. DNA
samples were stored at –20 °C until PCR analysis.
2.3. Multilocus sequence typing analysis
The housekeeping genes aroC (826 bp), dnaN (833 bp),
hemD (666 bp), hisD (894 bp), purE (510 bp), sucA (643
bp), and thrA (852 bp) were amplified for each strain
using primer sequences obtained from Salmonella enterica
MLST at PubMLST database [12]. BigDye Terminator
v3.1 Cycle Sequencing Kit was used for sequence analysis.
The PCR products were purified by Sephadex (Oxoid,
UK) gel filtration and sequenced on an ABI 3500 genetic
analyzer system (Applied Biosystems, USA). CLC Main
Workbench version 8.1.0 software was used for editing the
sequence data. For each isolate, the seven housekeeping
gene sequences were loaded into the PubMLST database
to compare and determine the sequence type (ST).
3. Results
The MLST analysis identified allelic sequences and
sequence types for 54 Salmonella strains. Similar alleles
and sequence type were found for each serotype with
combinations of these alleles. Table shows the sequence
types of the strains (S. Bazenheid strains ST544, S. Burgas
strains ST1814, S. Gombe strains ST413, S. Hayindogo
strains ST1959, S. Jamaica strains ST32, S. Kamoru strains
ST1995, S. Paris strains ST82, and S. Stuttgart strains
ST19).
4. Discussion
As one of the most common zoonotic infections worldwide,
Salmonellosis poses important public health risks. The
major foodborne route of infection is contaminated
poultry meat and egg consumption. Therefore, monitoring
and control of Salmonella agents in poultry populations
is critical to reduce public health risks. According to the
EFSA 2017 zoonotic agents report, the most common
serotypes in broiler chicken flocks are S. Enteritidis and
S. Typhimurium. In addition, the proportion of other
nontyphoidal Salmonella serotypes have recently increased,
especially S. Infantis [5,6]. This requires investigation of
the epidemiology of rare Salmonella serotypes.
Molecular typing methods such as MLST can be used
for phylogenetic investigation of Salmonella agents and
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Table. MLST results of Salmonella strains.
Number of
strain

Serotype

aroC

dnaN

hemD

hisD

purE

sucA

thrA

Sequence type
(ST)

4

S. Bazenheid

4

164

134

195

132

46

158

544

5

S. Burgas

2

13

10

540

459

416

34

1814

8

S. Gombe

15

70

93

78

113

6

68

413

9

S. Hayindogo

313

445

3

507

480

388

333

1959

4

S. Jamaica

17

18

22

17

5

21

19

32

10

S. Kamoru

5

101

18

561

36

12

12

1995

2

S. Paris

41

42

43

12

9

12

2

82

12

S. Stuttgart

10

7

12

9

5

9

2

19

determination of transmission routes. In many studies,
Salmonella serotypes commonly observed in poultry
have been examined by MLST analysis. These include S.
Enteritidis, S. Typhimurium, and S. Infantis [2,13,14].
The present study, however, used MLST analysis to
genotype rarely isolated Salmonella serotypes from broiler
chicken flocks. A total of 54 strains were used including S.
Bazenheid (n = 4), S. Burgas (n = 5), S. Gombe (n = 8), S.
Hayindogo (n = 9), S. Jamaica (n = 4), S. Kamoru (n = 10),
S. Paris (n = 2), and S. Stuttgart (n = 12).
To our knowledge, this study is the first MLST
analysis for these Salmonella serotypes. We therefore
used the PubMLST database to compare the obtained
genotypes [12]. The database had no genotype record for
the S. Bazenheid, S. Hayindogo and S. Jamaica serotypes
identified in this study. In addition, it is the first study to
serotype S. Bazenheid, S. Burgas, S. Gombe, S. Hayindogo,
S. Jamaica, S. Kamoru, S. Paris, and S. Stuttgart by MLST
analysis.
All the S. Bazenheid and S. Hayindogo strains were
ST544 and ST32 genotypes, respectively. Previously,
strains recorded as ST544 genotype were known to be
S. Molade and S. Duisburg strains isolated from human
or environmental sources. All poultry strains recorded
as ST1959 genotype were S. Liverpool strains while
Salmonella strains recorded as ST32 in the PubMLST
database included different serotypes, such as S. Derby,
S. Enteritidis, and S. Infantis. These originate particularly
from human, poultry, and environmental sources [12].
This finding suggests that MLST analysis may not be
suitable for distinguishing between these serotypes, which
are frequently isolated in Turkey.
Previously, one S. Burgas of unknown origin and S.
Gombe and S. Kamoru strains of human origin have been
recorded in the PubMLST database as ST6400, ST6473
and ST487, respectively. In our study, however, all the S.
Burgas strains were ST1814 genotype whereas strains
recorded as ST1814 genotype in the database are known
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to be S. Salford, S. Nchanga, and S. Brooklyn serotypes.
Among these strains, five foodborne S. Salford strains were
isolated in Turkey between 2002 and 2012 and recorded
in the database. All the S. Gombe and S. Kamoru strains
isolated in the present study were ST413 and ST1995
genotype, respectively, whereas the ST413 genotype strains
recorded in the database are known to be serotypes like
S. Mbandaka, S. Weltevreden, S. Menden, S. Enteritidis,
and S. Berta [12]. Finally, the strains of ST1995 genotype
recorded in the database are known to be S. Coeln.
Previously, one S. Paris strain of human origin as
ST6396 genotype and one S. Stuttgart strain of human
origin as ST4792 genotype have been recorded in the
PubMLST database [12]. In our study, however, all S.
Paris strains were ST82 genotype. The database records
15 different serotypes, including S. Kottbus, S. Jericho, S.
Derby and S. Muenchen, and S. Kottbus and S. Derby from
poultry origin, as ST582 genotype whereas all S. Stuttgart
strains isolated in our study were ST19 genotype. In the
database, the major serotype recorded as ST19 genotype
is S. Typhimurium strains. Because different serotypes
have the same sequence type, MLST analysis should
be supported by conventional or molecular serotyping
analysis.
This is the first study to use MLST analysis to identify
serotypes of S. Bazenheid, S. Burgas, S. Gombe, S.
Hayindogo, S. Jamaica, S. Kamoru, S. Paris and S. Stuttgart
with new sequence types. The presence of a single sequence
type for each serotype suggests that these serotypes may be
the dominant sequence types in broiler chicken flocks in
Turkey.
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